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Themaj ority of working women are employedin female-intensive occupations, but a growing number are pursuing employment in male-dominated fields. As women move into less traditional jobs, employers have expressed concern that women may lack the physical strength necessary to perform the work. Bielby and Baron (1986) analyzed employment policies in over 400 establishments in California and found women were, in numerous instances, excluded from work perceived as physically demanding even though detailed job analyses revealed the jobs required no strenuous physical exertion. They also studied employment policies before and after 1970, when legal restrictions on lifting for women became unconstitutional, and concluded that "women were more likely to be excluded from jobs requiring heavy lifting in establishments studied after 1970" (p. 785).
Organizational inertia and cultural stereotypes may limit opportunities for the advancement of women in many traditionally male-dominated jobs. The purpose of this paper is to analyze the research and literature pertaining to women's capacities for physically strenuous work and to determine whether there is a basis for restrictive policies about women and physically demanding work.
HISTORICAL PERSPECTIVES
Women have always participated in physically strenuous work. When our society was largely rural and agrarian, women labored on farms. During World War II, women were encouraged to participate in the labor force, often in traditionally male-dominated occupations. These examples are often used to exemplify women's endurance. According to one author, "Women have demonstrated -most notably in factories during World War II, the capacity to perform skilled and taxing physical work" (Lebowitz, 1982, p. 53) . It was during this time that women became precision toolmakers, overhead crane operators, lumberjacks, and drill press operators. "Women could fill any job, no matter how difficult or arduous"
The myth of female weakness maybe used to deny women access to relatively high-payingjobs in traditionally maledominated occupations. (Baxandall, Gordon, & Reverby, 1976, p. 280) .
Despite this historical evidence of female participation in physically demanding work, the notion of women as "weak" remains pervasive in our culture. This myth of female weakness may be used to deny women access to relatively highpaying jobs in traditionally male-dominated occupations. It has already been established that women have been used as a source of taxing manual labor when society has required this role of them. Although women are recognized as capable workers, the prejudices in our maledominated society may continue to playa strong role in defining female limitations.
WORK PHYSIOLOGY
A review of various concepts from the field of work physiology will lead to an increased understanding of female strength, endurance, and power. According to work physiologists Astrand and Rodahl (1970) , three important components contribute to an individual's physical performance or fitness: (a) the capacity for energy output (mainly aerobic processes), (b) neuromuscular function (muscle strength and technique), and (c) psychological factors (e.g. motivation). Each of these will be considered with regard to female workers.
AEROBIC POWER: Maximum aerobic power is defined as "the highest oxygen uptake an individual can attain during physical work breathing at sea level" (Astrand & Rodahl, 1970, p. 286) . It plays a crucial role in one's work capacity since it is the availability of oxygen to muscle cells which will, ultimately, determine endurance in physical work. A person's large muscular system is functioning at its best when maximum aerobic power is reached.
Throughout the literature it is generally agreed that women's aerobic power is, on an average, 70%-75 % of that of men. However, when lean body weight is compared, various results have been reported, ranging from no differences between the sexes to women having 85%-89% of men's aerobic power (Astrand, 1956; MacNab, Conger, & Taylor, 1969; Wardle & Gloss, 1980) . Hemoglobin concentrations should also be considered when examining differences in aerobic power. With men exhibiting 10.9%-14.3% greater hemoglobin concentration, their capacity to transport oxygen to muscle cells will be enhanced.
Despite these physiological differences, research indicates that women are capable of performing many of the physically taxing jobs in today's industries. Wardle (1976) has studied women under laboratory conditions and found they were able to do strenuous work and expend 2369 kcals for eight and a half hours. This amount of energy exceeds that which is required on most physically demanding occupations, such as mining, open-sea fishing, and construction. Wardle's subjects completed 100% of the light work, 95% of the moderate work, 97.5% of the heavy work, and 92.1% of the very heavy work. Based on these results, she concluded that women have the energy requirements for many types of work. "They possess the physical work capacity for work requiring peak work loads and the long term energy requirements to perform a full day of physically demanding work" (Wardle, 1976, p. 158) .
Research indicates that women are capable of performing many of the physically taxing jobs in today's industries.
Examining the energy requirements of heavy work assignments raises another issue, which is the "natural subjective tendency to overestimate the heaviness of human work in industry" (cited in Wardle, 1976, p. 158) . Hogan (1982) also comments on this propensity: "In physically demanding work, too many myths about job requirements are perpetuated by the self-interests of a few employees" (p. 95). As technology advances, there are fewer jobs requiring heavy work over extended periods of time. With regard to heavy work for either sex, it has been observed that" In reality, jobs that exceed the capabilities of most women are likely to be too demanding for most men as well" (Brunt & Hricko, 1983, p. 409) . Warshaw (1982) maintains that only a few jobs require an intense physical effort and these should be reserved for the "physically gifted." Navarro (1980) supports this viewpoint by citing a Swedish study where an analysis of all jobs in a steel plant revealed only one job which could not be performed equally well by persons of either sex. Except for these unique positions there really is no justification for excluding women from jobs requiring physical work. Astrand's insights 30 years ago are still relevant today when she concluded that the under-utilization of women in industry is "tempered by traditions and prejudices . . . the problem is more a psychological and social than a physiological one" (1956, p. 329) .
MUSCLE STRENGTH: The issue of strength differences between males and females is controversial. This is due to the common use of average values of size and strength, rather than a method that recognizes considerable overlap between the sexes. Throughout the literature there is general agreement that one third of all men fall within the range of female capabilities and one third of all females fall within the male range. In 1970 the American Industrial Hygiene Association recommended that female workers' strength be considered 70% of the male worker (cited in Hunt, 1979) . However, Laubach (1976) has reviewed several studies comparing muscular strength of men and women and concluded that the focus should be shifted to the broad range from 35% to 86% of mean percentage differences rather than on a single average figure. Again, it is implied that individual differences must be of primary importance.
A recent study (Falkel, Sawka, Levine & Pandolf, 1985) was unique in that it attempted to match female and male subjects for maximum aerobic power and training before comparing strength. Although there were differences in absolute strength between the genders, strength per lean body weight as well as upper to lower body ratios for strength and endurance were similar for males and females. This research indicates the importance of considering aerobic fitness and level of training when comparing men and women on strength and endurance. Astrand and Rodahl (1970) have looked at strength differences after correcting for body size and found that women attain about 80% of men's values. They also speculate that due to differing body composition and geometric proportions, the strength per square centimeter of muscle tissue may actually be the same in a woman and man of the same age and degree of training. This hypothesis has been supported by Hosler and Morrow (1982) , who have concluded that "The impact of gender is rather small when one considers strength differences after allowing for body size and composition" (p. 312). They suggst women laborers increase lean body weight through proper diet and training. Snook and Ciriello (1974) compared men and women performing various tasks characteristic of manual material handling jobs in industry. These included carrying, lifting, pushing, pulling, and walking. For tasks involving carrying and lifting, the maximum weight acceptable to women was 65% that for men; for pushing and pulling it was 85% of that for men; for walking and a seven-foot sustained pull the women performed at 100% of the male workload. Females perform better on the tasks involving leg activity -pushing, pulling, and walking. The acknowledgment of differences such as these have fundamental implications for job design. It would be safer and more productive for women workers to move heavy loads by pushing or pulling rather than lifting or carrying.
Current research findings lead to the same conclusion regarding female strength, endurance, and power. In general, women cannot lift or carry as much weight as men. nor can women push or pull as heavy loads. However. when interpreting these conclusions, one must take into account that they reflect gross generalizations. In all studies the considerable overlap between the sexes has been a consistent finding.
PHYSICAL TRAINING: The importance of physical training for heavy work cannot be under estimated. It is through training that workers develop muscular systems required for their activities. Although women may initially lack the capacity for certain tasks. their lack of training is an equally important variable.
Cultural and social factors playa significant role in establishing normative patterns of physical activity between the sexes. As Warshaw (1982) has observed. until recently there was an emphasis on athletics and physical tasks for boys while girls were relegated to sedentary handwork activities. Up until about ten years ago. a sedentary lifestyle for women was the norm in our culture. On a societal level, Title IX of the Civil Rights Act was enacted in 1976 to ensure females in the U.S. public school system the financial resources and encouragement to participate in athletic activities. Thus. as our society is becoming more aware of the benefits of regular exercise. we can expect an increase in the physical activity of American women. Due to this trend, Hunt (1979) predicts "It is unlikely that the relationship of 70% for female to male strength measures will remain constant" (p. 42). Research must be continued to update our knowledge in this area and well-supported findings should be incorporated into practice.
Although most data on physical conditioning pertain to female athletes rather than workers, it follows that training could significantly affect women's performance in the industrial sector. Due to women's lack of conditioning and/or experience, it has been suggested that work-related train-ing would need to "start at a different level of skill. be longer and more explicit, and be paced to the individual's progress" (Ossler & Wysocki, 1983, pp. 19-20l. The benefits of job-related training programs for the individual applicant as well as for the employer have been enumerated by Hogan (1982) . Besides physically preparing the applicant for the work, the possibility of injury is reduced while productivity may be increased. In the light of a cost-benefit analysis, employers should be encouraged to implement job-related physical training programs.
PSYCHOLOGICAL FACTORS: Physical training has also been linked with valuable psychological enhancement. Hanson and Nedde (1974) studied the effects of long-term physical training on women and found several positive results. These
Females perform better on the tasks invoMng leg actMty-pushing, pulling, and walking.
included increased sel f-satisfaction and self-acceptance, an increased sense of personal worth and adequacy, an improvement in social interaction, and an increase in overall level of self-esteem and self-confidence. Such qualities are needed in a female work force conditioned to feel inferior to men. The potential for an egalitarian workplace can only be realized with these improved attitudes.
Further investigation is necessary to establish relationships between motivation and physical work. Wardle and Gloss (1980) suggest studying how rewards might affect peak workload. They also recommend determining the heaviness of a load women would be willing to carry under different incentives. This knowledge would contribute to a fuller understanding of female work capacity and strength.
SAFETY CONSIDERATIONS
The results of research in the area of work physiology can be applied to specific factors which are of importance in the work environment. Women's performance in the physically demanding workplace has not been researched extensively. However, from the limited number of studies it can be concluded that women can work safely in what has been considered "men's work." Chaffin (1976) studied workers lifting loads in over 1600 jobs in many different plants. After assigning workers a lifting strength rating on jobs with various lifting requirements, medical observations were recorded. No differences between men and women were found using low back pain incident rates. The first comprehensive examination of female workrelated injuries and illnesses by occupation and industry was performed in 1980 by the Bureau of Labor Statistics. This investigation revealed that work activity, not the worker, is a more important determinant of injuries. "The data show that women in traditionally male-dominated jobs will suffer the same kinds of injuries and generally with the same relative frequency as their male counterparts" (Root & Daley, 1980, p. 8) .
JOB ANALYSIS
According to some authorities, "In most cases, one should be more selective in hiring a female for a manual handling task than in hiring a male" (Snook & Ciriello, 1974, p. 533) . Although a recognition of differences between the sexes is essential, statements such as this continue to downplay female capacities. Selection procedures for various jobs must be based on individual potential, not on gender. Jobs must be accurately assessed regarding the number and duration of manual handling tasks in order to establish specific demands. Watkeys (1975) cautions against casual assumption of individual capacity or of job stress, both of which can be quite misleading. When jobs are subject to an objective, standardized, reliable, and valid analysis it is likely that changes in equipment, tools, and workplace design will lead to enhanced performance and increased protection for employees of both sexes, with benefits to industry and society. Our advanced technology is capable of improving the work environment but economic factors are often cited as constraints. This requires an evaluation of values and priorities. It is also important to view this issue in terms of long-term savings and to realize the return on investment which is possible from labor-saving designs. Work procedures and work layout may require alterations to ease physical demands. The development of work aids would also help eliminate strenuous aspects of various jobs. "The results of such work aids are often that many more women can perform the task and also that fewer men suffer back injuries" (Hogan, 1982, p. 94) . When job design is based on ergonomic principles, the elimination of sexsegregated occupations will be promoted.
PREPLACEMENT EXAMINATIONS
Job content must be adequately reflected in preplacement examinations. It is now legally mandated that such testing be clearly job-related. The occupational demand must then be considered against an individual's abilities. The occupational health nurse is in a key position to promote this concept when conducting preplacement examinations. Most importantly, the nurse must know what tasks various jobs entail. With an unbiased knowledge of specific job demands along with workers' capacities, it is possible for the nurse to ensure optimal job-worker fit. Ultimately, it must be determined whether or not an employee is capable of performing reasonable periods of heavy work. Strength testing is an important component of physical performance. Hogan (1982) has provided an excellent summary of "the state of the art of strength testing" as it relates to women. Included in this discussion are assessments of strength requirements in work and performance testing. This article is followed by an example of how physical ability testing was implemented to select individuals for pole climbing within AT&T and the Bell System (Reilly, 1982) . Both articles provide examples of research-based strategies and the reader is referred to them for further information. Strength testing and aerobic capacity testing is also discussed in a publication which presents recommendations to control hazards associated with heavy lifting (NIOSH, 1981) . It must be remembered that relying solely on strength demonstration will not accurately assess the abilities of an employee. "Tasks typically require flexibility, speed, and coordination as well, and these factors often compensate for reduced strength" (Hogan, 1982, p. 95) .
Despite the many factors operating in our culture that favor sex-specific jobs, many women are interested in and capable of performing traditionally male-dominated work, whereby they can often earn more money and advance more rapidly. In today's world more working women are heads of households than at any other time in history and need higher wages to support their families. No one has the right to deny women such opportunities, especially when this denial is based on misunderstanding and prejudice.
Current legislation protects against sex discrimination at the workplace. It also mandates that the ability to perform strenuous work be determined on an individual basis. Strategies employed in the past which involved dividing work into "light" and "heavy" with the subsequent assign-ment of women to light work are no longer acceptable. However, like much of our antidiscrimination legislation, the record of enforcement is not adequate. Covert practices continue in many industries which prohibit women from reaching their potential. Equal opportunity, in practice, relies on individual attitudes and behaviors which, on a societal level, will take many decades to change.
The occupational health nurse is in a unique position to influence hiring practices and policies. Nursing intervention in preplacement examinations and job analysis can lead to improved opportunities for female workers. The nurse may also par-
Relying solely on strength demonstration will not accurately assess the abilities of an employee.
ncipate in the education of management with regard to female capacities and influence work-related training programs. Information presented in this article is intended to increase awareness of female abilities and limitations, thereby ensuring safe and healthful workplace conditions.
